Objective: To evaluate the efficacy of extractive orthopaedic orthodontic treatment in mixed late dentition in two female patients presenting Class III malocclusion and hyperdivergent facial types due to maxillary retrusion. Materials and Methods: The orthopaedic phase, carried out using posteroanterior extraoral traction combined with rapid palatal expanders, was followed by extraction of four premolars and application of bidimensional technique fixed appliances (Boston University). Results: We achieved functional and aesthetic improvement via normalisation of the transversal dimensions and a sagittal increase in the maxilla while maintaining vertical stability. The extractions permitted resolution of the crowding problem and normalisation of the overbite and overjet, and Class I molar and canine occlusion was achieved. Conclusions: Timely intervention and exploitation of extractive space to compensate for skeletal alterations using only orthopaedic orthodontic treatment can allow achievement of excellent results.
INTRODUCTION
Class III malocclusion may involve the dental component alone or it may be aggravated by a poor relationship between the maxillary and mandibular bases. In the former case, the lower molar is positioned half a cuspid towards the midline with respect to the upper molar, without skeletal alteration, whereas the latter type also involves a poor relationship between maxilla and mandible on the sagittal plane caused by maxillary retrusion and/or mandibular protrusion [1] . Patients presenting a sagittally reduced maxilla also frequently show skeletal contraction of this jaw on the transversal plane [2] . The majority of Class III patients present both dentoalveolar and skeletal components [3] [4] [5] .
Various factors are implicated in the aetiology of Class III, namely heredity (e.g. race), environmental factors (e.g. functional anterior deviation of the mandible or mouth breathing, which can be a positive stimulus for mandibular growth), and several pathologies (e.g. pituitary tumours responsible for acromegaly) [6] .
The incidence of this type of malocclusion in Caucasian populations varies between 1 and 5 %, in Asian populations it reaches an upper range which fluctuates between 9% to 19%, and in Latin populations it is roughly 5% [7, 8] .
Early treatment of Class III malocclusion reduces the necessity of a second phase of treatment in permanent dentition [1] . However, successful orthodontic treatment of Class III preadolescents depends not only on adequate timing but also on individual growth. In fact, the decision to treat patients with moderate to severe skeletal Class III early on, or to wait until the end of growth, is a difficult one, especially as it cannot be predicted whether growth will permit successful development of the desired skeletal modifications following orthopaedic orthodontic treatment [9] .
Several studies have reported that Class III skeletal discrepancies worsen with age [10, 11] . Thus the difficulty in treating preadolescent patients successfully increases with time. Nonetheless, the majority of patients presenting severe skeletal Class III are candidates for orthognathodontic surgery, the only means of obtaining functional occlusion and aesthetic profile [12] .
In early diagnosis of Class III malocclusion with maxillary deficiency in late deciduous dentition or early mixed dentition, the combination of a rapid palatal expander with posteroanterior traction is a useful treatment option [13] . This traction is often used in synergy with a maxillary expander in preadolescent patients as this device is presumed to act by opening the circumaxillary sutures and thus facilitate the orthopaedic effect of facial traction [14] [15] [16] . However, if the skeletal discrepancy is caused by excessive mandibular growth, this device seems to be of scarce therapeutic action as the impossibility of inhibiting of mandibular growth has been proven [17] , and orthognathic surgery is the sole valid option for repositioning the mandible once growth is complete.
According to McNamara, the optimum period for initiating this orthopaedic treatment in Class III cases is in early mixed dentition [18] . Hickham on the other hand suggests that this treatment be commenced before the patient reaches eight years of age [19] . Proffit recommends that anterior retraction be started before the patient is 9 nine years old in order to produce major skeletal changes and minor dental movements [1] . Merwin et al. stated that this treatment should be begun before the patient reaches 8 years of age, or between 8 and 12 years in mixed dentition, in order to obtain more skeletal than dental modifications, achieving similar results in the two groups analysed [20] . Baccetti and McNamara verified craniofacial skeletal changes resulting from this orthopaedic treatment in both early and late mixed dentition, finding more significant results in the former group. In a review by Baccetti et al., the percentage of success was found to be 76% higher when the orthopaedic treatment plan, including extraoral traction and rapid palatal expansion, was used to treat Class III malocclusions in preadolescent patients [21] .
In this context we proposed to analyse the dentoskeletal changes revealed in two patients with Class III malocclusion due to maxillary retrusion and mandibular protrusion, treated in late mixed dentition. As both patients presented moderate, and not severe, Class III-type growth, the abovementioned orthopaedic treatment (rapid expansion and traction) was applied, followed by the extraction of four premolars, to compensate for the sagittal skeletal discrepancies. In fact, orthodontic camouflage is a valid alternative to surgery in patients who do not present severe Class III malocclusion [6] .
CASE REPORT 1

Diagnosis
Extraoral clinical examination of the female 13-year-old patient from the front showed long face, deviation of the cutaneous pogonion to the right, and mandibular asymmetry. From the side, a concave profile with evident collapse of the upper lip from hypopremaxilla could be seen (Figure 1) .
Intraoral examination revealed poor oral hygiene and slight signs of periodontal damage at element 41 due to occlusal trauma. The upper arch, in permanent dentition, was greatly contracted and a space deficit was evident in the region 15-13-23. The mandibular arch was in late mixed dentition and crowding was evident in the anterior section. The sagittal occlusal relationships denoted Class III malocclusion of the molars and canines, a "head-tohead" interincisive relationship, and cross bite at 12 -22.
Vertically, anterior open bite was evident and transversally the lower median line was deviated to the left due to mandibular slipping (Figure 2) .
Functional examination revealed a dual bite from mandibular slipping to the right aggravated by pre-contacts in the frontal region. The patient reported mixed breathing with frequent episodes of nasal obstruction. Panoramic X-ray evidenced agenesis of element 45 and the presence of third molar buds. No dentoperiodontal pathology was evident (Figure 3) . Cephalometry showed malocclusion with pathological skeletal characteristics: the vertical relationships indicated severe skeletal hyperdivergence, sagittally the maxilla was retruded, the inclination of the upper and lower incisors reflected dental compensation for the skeletal malocclusion, and the position of the lips was inverted with respect to the aesthetic line (Figures 4 and 5 ).
Treatment Objectives
Analysing the problems evidenced in diagnosis we proposed transversal expansion of the upper jaw to eliminate the pre-contacts deflecting the mandible and to improve respiratory function, orthopaedic advancement of the upper jaw, resolution of the crowding in both arches, normalisation of the overjet and overbite, and improvement of the frontal and lateral aesthetic.
Treatment Progress
The contraction and retrusion of the upper jaw were treated using a rapid palatal expander and Delaire's pos- teroanterior traction, respectively. Subsequently the dental elements 14-24-34-85 were extracted and both arches were fitted with bidimensional technique fixed appliances (Boston University). Alignment was obtained using 0.016 and 0.018 × 0.025 pre-formed nickel-titanium wires, then extraction spaces were closed with 0.016 × 0.022 steel wires together with class I intramaxillary elastics and class III intermaxillary elastics. 0.018 × 0.022 ideal steel wires and vertical intermaxillary elastics were used for finishing. Finally, a Hawley retainer was employed for the upper arch and a 0.019 twist retainer was used from elements 33 to 43 in the lower.
Treatment Results
Frontal facial examination of the patient after treatment showed an improvement in aesthetic balance and symmetry of the mandibular position, which, however, retained its characteristics of irregularity of form, and the patient's smile was aesthetically pleasing. Lateral examination revealed a great improvement in profile aesthetics, with evident reduction in the nasolabial angle and re-equilibration of the relationship between upper and lower jaw (Figure 6 ). Examination of dentition exposed a Class I molar and canine relationship, normal overjet and overbite, and normal transversal relationships. Oral hygiene had improved and the periodontal situation at element 41 at the beginning of treatment was better (Figure 7) . Functional examination highlighted a good incisive and canine guide, and the opening movements, laterality and protrusion had normalised. Orthopantomography evidenced slight inclination of the root of element 15; the space required for third molar eruption appeared to be present (Figure 8) . Cephalometric values showed sagittal improvement and vertical stability. Dental relationships were found to be in the norm (Figures 8, 9 and 10). 
Diagnosis
The female 13-year-old patient showed a deviation of the menton to the right, a concave profile with short and retruded upper lip, and poorly accentuated zygomatic bone upon clinical examination (Figure 11 ). The contracted upper arch was in permanent dentition and a spatial deficit was evident in the regions of elements 12-13-15-22-23. The mandibular arch was in late mixed dentition and crowding was noted in the anterior region. Analysis of the occlusion sagittally showed a Class II molar and canine relationship and cross bite throughout the anterior section, while open bite in the median section was noted upon vertical analysis and deviation of the lower median line to the right due to mandibular slipping was seen on the transversal plane (Figure 12) . Functional examination revealed dual bite from mandibular slipping to the right due to pre-contacts. The patient reported mixed breathing with frequent episodes of nasal obstruction. Panoramic X-ray showed third molar buds. No evidence of dentoperiodontal pathology was noted (Figure 13) . Malocclusion with characteristics of skeletal pathology was observed by cephalometry; the vertical relationships showed severe skeletal hyperdivergence, while from the sagittal perspective the maxilla was revealed to be retruded, the inclination of the upper and lower incisors reflected dental compensation for the skeletal malocclusion and an inverted position of the lips with respect to the aesthetic line (Figure 14) . 
Treatment Objectives
We proposed to treat the problems evidenced in the diagnosis using transversal expansion of the upper jaw, with elimination of the pre-contacts deflecting the mandible and improvement of respiratory function, orthopaedic advancement of the upper jaw, resolution of upper and lower crowing, normalisation of overjet and overbite, and improvement of the frontal and lateral aesthetic of the face. 
Treatment Progress
A rapid palatal expander and Delaire's posteroanterior traction were used to treat the contraction and retrusion of the upper jaw, respectively. The patient then underwent extraction of dental elements 14-24-34-44 and bidimensional technique fixed appliances (Boston University) were applied to both arches. 0.016 and 0.018 × 0.025 pre-formed nickel-titanium archwires were employed in alignment, and 0.016 × 0.022 steel wires with class I intramaxillary elastics and class III intermaxillary elastics were used to close the extraction spaces. Ideal 0.018 × 0.022 steel wires and vertical intermaxillary elastics were used for finishing, and retention was achieved by a Hawley retainer in the upper arch and a 0.019 twist retainer from elements 33 to 43 in the lower.
Treatment Results
Facial examination from the front upon termination of treatment showed better aesthetic balance and mandibular symmetry, and the patient had an aesthetically pleasing smile. Lateral examination showed a much improved profile aesthetic, an evident reduction in the nasolabial angle and a re-equilibration of the relationship between upper and lower lip (Figure 16 ). Dental examination showed Class I molar and canine relationship, and normal overjet, overbite and transversal relationships (Figure 17) . Functional examination showed a good incisive and canine guide, and normal opening movements, laterality and protrusion. Orthopantomographical analysis revealed a slight mesioinclination of the root of element 15 and the presence of space for third molar eruption (Figure 18) . Cephalometric values demonstrated sagittal improvement and vertical stability. Dental relationships were normal (Figures 19 and 20) .
DISCUSSION
The two cases analysed and treated both presented the Figure 18 . Panoramic X-ray after treatment. [20] .
Following on from these studies we applied these devices to patients who had just turned 13 in an attempt to open up their mandibular sutures. The treatment met with success and evident skeletal changes were seen: post-treatment cephalometry revealed an increase in the SNA angle of about 1.5˚ in both cases treated, while the SNB did not change appreciably. This result was due to the growth induced in the upper jaw which compensated for the mandibular excess. Extraction compensated for the sagittal skeletal discrepancy, normalising the overjet and overbite relationship. Furthermore the extractions allowed us to resolve the crowding in both arches. Superimposition of the pre-and post-treatment traces showed the effect of the extractions, which permitted retrusion of the incisors and advancement of the molar, consenting achievement of the first class dental molar and canine relationship. From the superimpositions and cephalometric values it can be observed that the incisors underwent a bodily movement without significant changes in their buccal-lingual inclination. The transversal expansion of the maxilla also permitted improvement of the patient as well as function, eliminating the obstacles deflecting the mandible. Correction of the anterior sector permitted resolution of the signs of periodontal damage seen prior to treatment in the first case.
The satisfactory occlusion and the appreciable aesthetic results obtained were due to the young age of the patients treated, the choice of extraction for dentoalveolar compensation and to good collaboration in the application of traction and inter and intramaxillary elastics.
CONCLUSIONS
Our study proposed to evaluate the efficacy of orthopaedic treatment carried out with a rapid palatal expander and Delaire's posteroanterior extraoral traction in two growing patients presenting Class III malocclusion characterised by maxillary retrusion. At the end of treatment it was possible to appreciate the efficacy of these devices in normalising the sagittal and transversal discrepancies of the maxillary and mandibular bases and balancing the profile, thus obtaining a satisfactory aesthetic. Having exploited the patients' young age (acting with the correct timing) and used the extractive space to compensate for skeletal alterations, we achieved excellent results without surgery, which would probably have been necessary to achieve comparable results in an older patient.
